It is well known that for biphoton state |Ψ , the second-order Glauber correlation function G (2) can be calculated using [1]
,
(S1) where t s , t i is the detection time of signal and ider photons, L s , L i is the optical path of signal and idler photons, respectively. Including the dispersion of the transmission fiber, phases will be introduced to the positive-frequency operators, as shown in the Eq. (2) and Eq.(3), following which 0|Ê + s (t s , L s )Ê + i (t i , L i )|Ψ can be calculated with the state in Eq.(1),
where we used the phase coefficient expandation in the Eq.(2) and Eq.(4) and the commutation relation [a m (ω 1 ), a † n (ω 2 )] = δ m,n δ(ω 1 − ω 2 ), m, n ∈ {s, i}, δ m,n is the Kronecker delta function, and δ(·) is the Dirac delta function. e jϕ includes all the Ω-independent phases, and τ = (
Combining equation (S5), (S6) and (S7), we obtain
(S10)
From Eq.(S9) to Eq.(S10), we have assumed that a very large dispersion has been introduced at Bob side, so that β i2 L i is much larger than the temporal width of idler-photon wavepackets, and neglected the term
. Lingking Eq.(S1) and Eq.(S10) for clearity, we can get the expression of G (2) function when large temporal dispersion is introduced at Bob side,
According to Eq.(S11), on one hand, it is indicated that the coincidence measurement results have the shape of the spectrum of the biphoton state, which is nonlocally modulated by the reflectivity pattern of the object, so by extracting the reflectivity spectra r(x Ω ), the image of the object can be reconstructed. On the other hand, it can be seen that, after temporal dispersion, the coincidence peak is spread to have a width of τ w = β i2 L i Ω w , where Ω w is the spectrum width of the biphoton state. The spreading of the coincidence peak is due to the GVD introduced at Bob side. For idler photons, using the expandation of the phase coefficient in Eq.(4), the group velocity of idler photons can be expressed as [2] 1
So the time needed for idler photons from the source to the SPD at Bob side will be
For idler photons with frequency difference ∆Ω, the time delay difference will be
which is coincident with the spread of the coincidence peak. In fact, after the spatial dispersion at Alice side, and the temporal dispersion at Bob side, the frequency correlation in the photon pairs is transformed to the correlation between the illuminating position x Ω of signal photons on the object and the travel time t Ω of idler photons before detected by the SPD. Compared with previous QGI schemes based on momentum-momentum or position-position correlation, our time domain QGI is realized utilizing this kind of correlation.
